We report on silent brain infarction (SBI) and leukoaraiosis (LA) of 23 patients with clinically diagnosed "first-ever" acute ischemic lacunar stroke. The lacunar syndromes were pure motor hemiparesis (10), pure sensory syndrome (2), ataxic hemiparesis (3), dysarthria clumsy hand syndrome (3), and sensorymotor deficit (5). Nineteen out of the 23 patients presented with completed strokes on arrival to the hospital, and 4 (17%) developed evolving-stroke within 24 hours of stroke onset. A lacune corresponded to the acute stroke could be found in all patients on brain magnetic resonance imaging (MRI), and in 18 (78%) on brain computed tomography (CT). MRI showed additional subclinical or asymptomatic "silent brain infarctions or lacunes" (SBI) in 19 (83%) of 23 patients, and leuko-araiosis (LA) of moderate to severe degree (> grade 2) was present in 61% of patients although dementia was absent. Hypertension is the risk factor in 78% of cases followed by diabetes mellitus, smoking, and elevated plasma cholesterol level. Independence of the types of lacunar syndromes, patients with hypertension and diabetes mellitus are associated with high grade LA. None with normal blood pressure and plasma glucose had grade 3 or grade 4 LA (p < 0.05). In conclusion, evolving-stroke occurs in onefifth of patients with "first-ever" lacunar infarct within the first 24 hours of stroke onset. SBI was found in 83% of cases. Hypertension and diabetes mellitus are associated with additional SBI and high grade LA. The severity of leuko-araiosis per se dictates the cerebrovascular risks.
INTRODUCTION
Elegant study on 1042 routine autopsied brains by Fisher in 1965 [1, 2] , and data from 2,859 necropsied cases reported by Tuszynski et al. [3] suggest that lacunes occur in between 6% [3] and 11% [1, 2] of cases, respectively. Approximately, eighty percent of these lacunes had no history of stroke and neurological deficit, and thus called "asymptomatic" or "silent" lacunes [3, 4] . During life, the diagnosis of asymptomatic or subclinical silent lacunes in the pre-era of MRI has been a difficult task for several reasons. First, ethically a neurological healthy subject would not justify having an intensive laboratory work-up for any possible reason of unexpected intracranial silent lesion. Second, in the earlier days, before the advent of MRI technique, a brain CT would not sensitive enough to detect a small lesion of less than 15 mm in a clinically overt lacunar stroke. Therefore, the actual incidence of subclinical silent lacunes in the general population, and in asymptomatic patients with cerebrovascular risk factors remains conjectural. Extensive use of brain MRI in the past decade had suggested that prevalence of MRI-based diagnosis of silent brain infarction (SBI) ranged from 8% [5] to 28% [6] . These SBIs included silent lacunes and silent non-lacunar infarctions [5] [6] [7] [8] . A screening health examination in Japan on 246 neurologically normal adults revealed 13% had possible silent lacunar lesions on brain MRI [9] . But nothing is known about SBI in Chinese/Taiwanese with "first-ever" acute ischemic lacunar syndromes. This issue will be addressed herein.
PATIENTS AND METHODS
Patients recruited in this study were a subset from the Copyright © 2010 SciRes. JBiSE authors' consecutive stroke registry between January 1, 2007 and December 31, 2008. Subjects with a lacunar infarction due to small penetrating artery occlusion are often considered "minor" stroke by both laymen and many clinicians. Good recovery of symptoms and signs in certain proportion of cases leads to underestimation of the prevalence of lacunar infarction and silent brain infarction. In order to obtain a homogeneous study population, we address the question that how often a silent brain infarction (SBI) can be seen in patients with clinically "first-ever" lacunar stroke? Therefore, patients with non-lacunar infarction were excluded from the study. Only those fulfilling all diagnostic criteria set below for acute first-ever lacunar infarction and those with complete clinical data and available brain CT and MRI within 5 days of stroke onset will be analyzed. The diagnostic criteria of "first-ever" acute lacunar infarction were: 1) acute stroke with clinical manifestation of one of the 5 typical clinical lacunar syndromes described by Fisher [1, 2] ; 2) absence of past history of presumed stroke or transient ischemic attack (TIA), including amourosis fugax; 3) normal electroencephalography (EEG); 4) neuroimaging studies (brain MRI or CT or both) showing a corresponded acute brain infarction in the territory of the penetrating artery and of the size of a "lacune" (diameter of 15 mm or less); and 5) exclusion of those with presumed vascular dementia on mini-mental state examination (MMSE) [10] or modified mini-mental test (MMT) [11] , or both, and on Hatchinski ischemic score [12] . Twenty-three patients thus recruited consisted of 6 women and 17 men. The age at stroke onset ranged from 51 to 85 years (mean 65 years). MRI was performed by using either one of the following protocol. The old MRI machine (0.5 Tesla superconductive unit, MRI-50 A, manufactured by Toshiba Corporation) was a multiple-spin-echo T1-weighted image with TR 500 msec/TE 15 msec, T2-weighted images with TR 3000 msec/TE 120 msec, and proton density images (PDI) with TR 3000 msec/TE 30 msec. The lesions could be round or oval in shape. The single lesion that matched completely to the clinical presentation (one of the 5 lacunar syndromes) was called the corresponding lesion. Other unexpected additional (old) lesions or lacunes were called additional lesions or "silent" lacunes. A smaller "dot-like", or spotty high signal intensity on T2WI and PDI at the cerebal subcortical region that beyond the territory of the penetrating arteries, may or may not be seen on T1WI MRI or brain CT were considered "etat crible" [13] . The hyperintense poorly demarcated pathches of irregular border surrounding the lateral ventricles were designated as "leuko-araiosis" (LA) or periventricular "caps" or "rims" [14] . The grading of severity of LA was as follows: LA grade 0 (no leuko-araiosis), LA grade 1 (mild leuko-araiosis at the frontal horn subcortical white matter), LA grade 2 (moderate LA involv- MRI definition of a lacune remains the same for T1WI and T2WI. Additional imaging parameters for acute lacunar infarction were lesion of high signal on T2FLAIR, and DWI, and low signal on ADC map. Asymptomatic or subclinical "silent" (old) cerebral infarctions were characterized by signal intensity of iso-or low-signal on DWI and iso-or high signal on ADC map.
Statistical analyses: Categorical Chi-square or Fisher's exact test (for n < 5) were used for statistical analyses. Probability of < 0.05 was considered statistical significance.
RESULTS
Mean age at onset was 65 years (range 51 to 85 years) with men to women ratio of 2.8. There was no statistical difference between gender and types of lacunar syndromes. Additional lesions suggesting silent cerebral lacunar infarctions were encountered in 83% of patients on MRI ( Table 1 ) as compared to 43% on CT (p < 0.005). Hypertension was top one risk factor in 78% of patients. Other risk factors were diabetes mellitus (11 cases,) (48%), high cholesterol level (> 200 mg/dL) or/and low HDL-cholesterol level (10 cases), smoking (10 cases), hyperfibrinogenemia (> 400 mg/dL) (6 cases), high hematocrit (4), and hyperuricemia (> 7.5 mg/dL) (4 cases). The initial manifestations of lacunar syndromes were pure motor hemiparesis (PMH) in 10 patients, sensoymotor deficit (SM) in 5, ataxic hemiparesis (AH) in 3, dysarthria clumsy hand syndrome (DCH) in 3, and pure sensory syndrome (PS) in 2. Nineteen of the 23 patients presented with completed strokes on arrival to the hospital. Four patients (17%) developed evolving stroke in the subsequent 24 hours of stroke onset. The frequencies of abnormalities found on brain CT and MRI were shown in Table 1 . Hyperintense lesions on T2WI and PDI of brain MRI included the lacunes and etat cribles, were most commonly encountered at the corona radiata or periventricular white matter (PVWM), followed by internal Figure 1) . Severity of leuko-araiosis in different subgroups was shown in Table 3 . Regardless of the types of lacunar syndromes, patients with hypertension or diabetes mellitus were likely having moderate to severe LA (grade 2 to 3) (13 of the 18 patients) (72%, in contrast to 20% for those without these risk factors). Combination of hypertension and DM strengthened this effect from severe to advanced LA (grade 3 to 4). None of patient with normotension and euglycemia had LA > grade 2 (p < 0.05). 
DISCUSSION
Previous association studies on various risk factors such as hypertension, diabetes mellitus, cardiovascular disease, atrial fibrillation, carotid stenosis, and carotid intima-media thickness, and MRI-diagnosis of silent brain infarctions (SBI) were contradictory [4, 5, 9] . Regional cerebral blood flow in bilateral frontotemporal regions of brain measured by Xenon-133 inhalation method has been shown to reduce remarkably in neurologically normal adults with brain MRI evidence of silent lacunes [9] . But only less than half of the silent lacunes were seen on T1WI [9] . The autopsied data showed higher (81 %) frequency of SBI [3] . Recent advance in MRI technology improves the detection rate of SBI [4] . SBI was found more frequently than expected in subjects with no history of transient ischemic attack or stroke [4] . Hypertension was present in 72% of subjects with SBI [4, 6] that was in accord with our study. Prevalence of SBI even steeply increases after age of 65 years [4, [6] [7] [8] . However, hypercholesterolemia, hyperglycemia (fasting Copyright © 2010 SciRes. plasma glucose > 110 mg/dL), and high hematocrit (Hct > 50%) or hypercoagulability were not risk factors of silent lacunes in several studies, but they were reported to be risk factors in another study [8, 15] . Low-grade inflammation of cerebral vessel can be another risk factor of SBI or lacunes [16] . Among 40 patients with lacunes, 30% of cases showed single lesion on MRI [17] and these patients may have neuropsychological abnormality in certain aspect of cognitive domain, even though cognitive function in general remains normal [17] . Our data showed that simple neuropsychological tests such as MMSE, MMT, and Hachinski's score remained normal in patients with first-ever lacune, regardless whether they had or had not SBI [10] [11] [12] . A recent study working on more sophisticated neuropsychological tests performed at 1 month after acute lacunar infarction showed that 57.5% of patients had mild cognitive impairment (MCI) that was reflected on lower MMSE score (mean 28.4) [17] . MMSE score of 28 remains at the normal range of our healthy controls [11] . Furthermore, Grau and colleagues [17] included subjects with so called "atypical lacunes" in their study, and this part constituted more than a half of silent brain lacunes located in the striatothalamic region of the brain [17] . Atypical lacunes and pure motor hemiparesis accounted for most of the subjects with MCI [17] . Thalamic lesion constituted 44% of PS, 25% of PMH, and 25% of atypical lacune [17] . Nothing was known about unilaterality or bilaterality of the thalamic lesion and exact locations of the involvement of the different thalamic nuclei. A "typical thalamic lacune" usually located at the lateral tier of thalamic nucleus and frequently manifested with PS. However, a medially located thalamic infarction can be as small as a lacune, either unilateral or bilateral, and sometimes may be mistakenly considered as a "thalamic lacune" or an "atypical lacune". They are actually an ischemic stroke involving the paramedian mesencephalic arteries (PMAS) rather than the deep penetrating arteries of lacunar infarction [18] . PMAS is a branched or a trunk disease that frequently manifests itself with cognitive impairment, neurobehavioral dysfunction, and ocular signs [18] . It is a variant of the top-of-basilar artery syndrome. Therefore, more delicate test for various domains of cognition and higher brain functions might be needed to detect trivial abnormality in patients with lacunar stroke.
In addition, severe periventricular white matter (WM) change with higher grade (> 2) of leuko-araiosis correlates with the presence of hypertension (13/18 patients, in contrast to 1/5 in subjects with normal blood pressure) ( Table 3) . This is consistent with the previous studies [4] [5] [6] [7] . Austrian Stroke Prevention Study (ASPS) looking at a community-based population on elderly normal subjects over 3-year follow-up [5] have shown that diastolic blood pressure and early-confluent white matter hyperintensities (WMH) at baseline MRI predicted best the white matter hyperintensity progression. This was also confirmed by a 6-year ASPS follow-up study [19] . Moreover, the WMH has been shown to associate with lower forced expiratory volume in 1 second (FEV1) and lower income of less than $ 50,000 per year in CHS [6] . WMH progression did not associate with cognitive functioning [5] , punctuate WM lesions are considered benign and not progressive, whereas early-confluent WM abnormalities are progressive within 6-year follow-up [19] . This is in contradiction to the CHS study that concluded that WM findings were associated with impaired cognitive and lower extremity functions [6] .
Molecular markers of coagulation activation such as elevated prothrombin fragment, parameters for endothelial cell damage (thrombomodulin and von Willebrand factor), and lipoprotein A were significantly higher in patients with silent lacunes [15] . By contrast, a recently discovered plasma biomarker, SCUBE1, have been shown to associate with different forms of acute cerebral infarction and severity of ischemic stroke based on NI-HSS score. The plasma level of SCUBE1 is remarkably Table 3 . Grading of leuko-araiosis (la) in 23 patients with "first-ever" lacunar infarction, high or normal blood pressure, and high or normal fasting plasma glucose. Copyright © 2010 SciRes. JBiSE elevated in patients with acute infarction due to a trunkor branched-vessel disease, and slightly elevated or normal in patients with acute lacunar infarction [20] . Plasma level of oxidized small dense low-density lipoprotein (LDL-3) is an independent predictor of silent lacunar infarction [21] .
In conclusion, evolving-stroke occurs in about onefifth of patients with "first-ever" acute lacunar infarction within the first 24 hours of stroke onset. Eighty-three percent of Chinese/Taiwanese patients with first-ever lacunar stroke had additional silent brain infarction on MRI. The presence of both hypertension and diabetes mellitus predicts the likelihood of high grade leukoaraiosis and additional SBI. Use of neuroimage studies in conjunction with scrutinized clinical assessments, monitoring stroke risk factors, and measurement of certain molecular or plasma biomarkers may be a future strategy for early diagnosis and treatment of patients at risk for silent brain lacunar infarctions.
